Abstract -OTFTs with P3HT as organic semiconductor and HtTiO as gate dielectric have been studied in this work. The HtTiO dielectric film was prepared by RF sputtering of Hf and DC sputtering of Ti at room temperature. Subsequently, the dielectric film was annealed in an NUl or N 2 ambient at 200°C. Then a layer of OTS was deposited by spin-coating method to improve the surface characteristics of the gate dielectric. Afterwards, P3HT was deposited by spin-coating method. The OTFTs were characterized by I-V measurement and 1/f noise measurement. The OTFT with gate dielectric annealed in NH l displays higher carrier mobility, smaller threshold voltage, smaller sub-threshold swing, and lower 1/f noise level than the OTFT annealed in N 2 • Moreover, the HtTiO dielectric film annealed in NUl shows higher dielectric constant. In summary, HtTiO film annealed in NH l at low temperature is a promising candidate to act as the gate dielectric of high-quality low-voltage OTFTs.
I. INTRODUCTION
Organic thin-film transistors (OTFTs) have got wide attention due to their potential to be applied in large-area flat-panel display, RF-ID card, electronic paper, and so on. OTFTs based on Si0 2 dielectric with pentacene as organic semiconductor have achieved performance which is comparable to or even exceeds that of amorphous-silicon thin-film transistors [1] . In comparison with their inorganic counterparts, organic thin-film transistors have a lot of advantages . OTFTs can be fabricated in large area, which is advantageous for the fabrication of large-area displays [2] . Besides, the fabrication temperature of OTFTs is low, which means that they can be realized on flexible substrate such as plastics. Moreover, since shadow mask can be used for the fabrication of OTFTs and lithography is unnecessary, the cost of the devices is lowered .
Organic semiconductor material to serve as the active [7] . Therefore, in this study, HITiO with very high k value is introduced as the gate dielectric of OTFTs.
II. EXPERIMENTAL DETAILS
The cross sectional view ofOTFTs is displayed in Fig. 1 . and the interception at the x-axis gives the threshold voltage. In the case ofOTFT with Nl-l--annealed dielectric, the mobility is 0.0119 em' I Vs , which is higher than 0.0094 em' I Vs of the OTFT with N 2-annealed gate dielectric. In terms of threshold voltage, the value for the former is -0.23 V, which is lower than 0.34 for the latter .
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Fig. 1. Cross-sectional view of top-contact OTFTs
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After completion of device fabrication, the transistors were measured by HP4145B Semiconductor Parameter Analyzer, Berkeley Technology Associates FET Noise Analyzer Model 9603 and HP 35665A Dynamic Signal Analyzer to get their I-V and 1/fnoise characteristics. The dielectric constant of the HfTiO film was calculated by measuring the capacitance of an MOS structure formed by lithography. Also, the thickness of the film was characterized by an ellipsometer made by l .A.Woollam Co., Inc.
The substrate was n-type silicon <I00> with a resistivity of 0.5 -0.7 Ocm. Firstly, the wafer was cleaned according to the standard RCA method, and the oxide on the substrate was removed by 5% hydrofluoric acid . Then, the wafer was washed by deionized water and dried in a nitrogen stream. Subsequently, the wafer was inserted into the chamber of Denton Vacuum LLC Discovery 635 to deposit a layer of HfTiO film by sputtering method at room temperature. Hf and Ti targets were used in RF mode (30 W) and DC mode (0.1 A) respectively. Argon and oxygen were injected into the chamber with flow rate of 24 seem and 3 seem respectively. Nitridation method was used to improve the performance of the dielectric film. In this study, the sample was annealed in NH 3 , and compared with another annealed in N 2 • For both gases , annealing temperature was 200°C and flow rate was 1000 mL/min. Next hydrofluoric acid (20% concentration) was used to remove the back oxide on the substrate. Then OTS (octadecyltrichlorosilane) solution (OTS : toluene=lmL: 1OmL) was put on the dielectric by spin-coating method to improve the surface characteristics of the dielectric film. The OTS film was hardened by drying the film at 95°C for 5 minutes in air. Then P3HT solution (P3HT: 1,2-dichlorobenzene = lOmg:lmL) was added by spin-coating method and dried at 95°C for 5 minutes in air. For both spin-coating processes, spinning speed was 2000 r/min and spinning time was I min. Next, gold was evaporated on the organic layer through a shadow mask to form the drain and source electrodes of the transistors after the vacuum was below 8xlO-6 Torr. Finally, the transistors were covered with a thin layer ofwax to prevent them from degradation in air. Fig . 3 show the output characteristics of the OTFTs with the gate dielectrics annealed in N 2 and NH 3 respectively. From the output characteristics, the OTFTs can operate at voltage as low as 4 V, which is due to the use ofhigh-k dielectric film.
Carrier mobility and threshold voltage are key parameters for evaluating the electrical performance of OTFTs. According to the current-voltage relation for field-effect transistor operating in saturation region, III. RESULTS AND DISCUSSION (1) which can be re-written as noise spectral density for the NH 3 -annealed OTFT is approximately one order lower than that of the N 2-annealed OTFT. This means that the interfacial properties between the gate dielectric and organic semiconductor of the NH 3-annealed OTFT are superior to those of the N 2-annealed OTFT . 
10. In order to further evaluate the switching characteristics of OTFTs, sub-threshold swing (SS) is calculated according to 1/f noise is an important parameter for further evaluating the electrical performance of the OTFTs . Noise spectral density and Hooge parameter are usually expressed as [8] From Fig. 4 the sub-threshold swing for the OTFT with NH 3-annealed dielectric is 1.35 V/decade , which is smaller than 1.98 V/decade of the OTFT with N 2-annealed dielectric. Consequently, OTFT with Nl-lj-annealed gate dielectric shows better switching characteristics than its N 2-annealed counterpart.
where ris the slope of the noise spectrum in logarithmic scale; e is the electron charge. After calculation, the Hooge parameter for the OTFT with NHrannealed HffiO film is 9.00, which is much smaller than 7.33 x 10 3 of the OTFT N 2 -annealed HffiO film. On the other hand, the where Sid (I) is the noise spectral density corresponding to the frequency I ;a is the Hooge parameter; I d is the current in the channel; N is the total number of carriers in the channel. In the case of organic thin-film transistors, formula (5) can be approximated as [9] 
In summary, the OTFT with NH 3-annealed dielectric has higher carrier mobility, smaller sub-threshold swing, smaller noise level than its counterpart with N 2-annealed dielectric. Moreover from Table I , the former has a much larger on/off current ratio than the latter. All these can be attributed to the lower trap density in the channel / at the surface of the gate dielectric for the former than the latter because both the N and H atoms dissociated from NH 3 can passivate these traps inside the device . Also, the dielectric constant of the NH 3-annealed HffiO film is slightly larger than that of the N 2-annealed HffiO film. This results from N atoms entering the dielectric film during the NH 3 annealing, hence enhancing the dielectric constant of the insulator.
IV. CONCLUSION
P3HT OTFT with HffiO gate dielectric annealed in NH 3 displays higher carrier mobility, on/off current ratio than its counterpart annealed in N 2 • Moreover, the former shows smaller threshold voltage, l/f noise level and sub-threshold swing than the latter. As a result, The former has better electrical performance than the latter due to passivation ofdielectric surface by NH 3 gas. The dielectric constant of the HffiO film prepared by sputtering method is as high as around 15. In summary, HffiO dielectric prepared by sputtering method and annealed in NH 3 at low temperature is a promising candidate to act as the gate dielectric of high-performance low-voltage organic thin-film transistors.
